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1
ULTRASONIC TRANSDUCER FOR USE IN A
FLUID MEDIUM

FIELD OF THE INVENTION

The present invention is directed to ultrasonic transducers
which may be used, for example, in ultrasonic flowmeters in
process engineering and/or the automotive industry, in par-
ticular in the intake system and/or exhaust system of internal
combustions engines.

BACKGROUND INFORMATION

Ultrasonic transducers of this type are provided for mea-
suring air flows; however, it is also possible, in principle, to
use other fluid media, i.e., gases and/or liquids. Examples of
ultrasonic transducers are described in German Patent Appli-
cation No. DE 102007 010 500 A1 as well as in the references
cited therein. In principle, the ultrasonic transducers
described therein may also be modified and/or manufactured
according to the present invention within the scope of the
present invention. Ultrasonic transducers of the type
described are provided, in particular, for measuring air flows,
for example to derive an air volume signal within a system
controller of an internal combustion engine.

Asis described, for example, in German Patent Application
No. DE 10 2007 010 500 A1, matching layers or matching
bodies are used in many ultrasonic transducers to improve a
noise radiation into the fluid medium and/or an absorption of
ultrasound from the fluid medium. For example, ultrasonic
transducers having noise-radiating resonance or matching
bodies may have, for example, a metal diaphragm and/ora 3/4
impedance matching layer.

In ultrasonic transducers or ultrasonic flowmeters which
must meet special pressure requirements, the noise-radiating
surface is usually an integral part of a transducer housing or a
flow tube, or it is hard-connected to these components, so that
it is not usually possible to provide adequate decoupling
against the propagation of structure-borne noise. If the decou-
pling against such noise is to be improved, a soft fastening
material is needed. Due to the pressure requirements, how-
ever, this fastening and/or decoupling material must be sup-
ported on the housing, so that the thermal expansion, in turn,
must have the greatest effect in the moving area of the noise-
radiating surface. These compensating movements make it
difficult to provide a media-tight transducer design.

Ultrasonic transducers in which a damping element, for
example a damping casting, is inserted between the housing
and a transducer core which has a piezoceramic transducer
element, is described in German Patent Application Nos. DE
10 2008 055 126.0 and DE 10 2008 055 116.3. In general,
elastomers, such as O rings or silicone molded parts, are
frequently used for decoupling structure-borne noise. In and
of'themselves, however, these approaches do not usually offer
sufficient media resistance for the installation situation, in
particular, in motor vehicles. For example, silicone may swell
and/or bleed under the influence of moisture and/or hydro-
carbons, and gaps may form between the silicone and the
surrounding area. As a result, sealing elements, for example
in the form of vapor-deposited coatings, for example
parylenes or sealing films, are frequently used for sealing
ultrasonic transducers. The use of sealing films is also
described, for example, in German Patent Application No.
DE 10 2008 055 116.3. However, the disadvantage of pure
coatings often lies in a poor mechanical cohesion of the
coating, in particular under shearing loads, which occur in
transition zones between different base materials. For
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example, the decoupling material may shift in relation to the
impedance matching layer or the transducer housing under
mechanical or thermal load, so that the coating may crack on
this side. When using films, in many cases, thermal and
mechanical stresses result in at least in an expansion load on
the film, so that the film itself or its adhesion is severely
stressed.

SUMMARY

An ultrasonic transducer for use in a fluid medium as well
as a method for manufacturing an ultrasonic transducer are
provided. An ultrasonic transducer in accordance with the
present invention may be manufactured, in particular accord-
ing to the provided method, and the method may be used to
manufacture an ultrasonic transducer according to the present
invention. Accordingly, reference may be made to the
description of the different specific embodiments of ultra-
sonic transducers in accordance with the present invention for
possible embodiments of the method and vice versa. How-
ever, other embodiments are also possible.

The example ultrasonic transducer includes at least one
transducer core having at least one acoustic/electric trans-
ducer element. An acoustic/electric transducer element is
understood to be, in principle, a transducer element which is
configured to convert acoustic signals, for example ultrasonic
signals, into electrical signals and vice versa. In particular, the
acoustic/electric transducer element may include at least one
piezoelectric transducer element, for example having at least
one piezoceramic. In addition, the transducer core may
include other elements, for example at least one matching
layer and/or one matching body for the purpose of at least
partially matching the impedance between the acoustic/elec-
tric transducer element and the fluid medium. With regard to
the possible embodiments of matching elements of this type,
reference may be made to German Patent Application Nos.
DE 10 2007 010 500 A1, DE 10 2008 055 116.3 or DE 10
2008 055 126.0. The matching bodies and/or matching layers
and/or matching elements illustrated therein, the term match-
ing body being generally used below for elements of this type,
may also be used in a transducer core in the example ultra-
sonic transducer of the present invention. The transducer core
may have, in particular, a cylindrical shape, for example the
shape ofa circular cylinder and/or a cylinder having a polygo-
nal cross section. However, other embodiments are also pos-
sible.

The example ultrasonic transducer furthermore includes at
least one housing. For example, the housing may be a plastic
housing and/or a metallic housing. This housing may com-
pletely or partially surround the transducer core. For example,
the housing may have a cylindrical shape, including a housing
interior in which the transducer core is accommodated. The
housing includes at least one housing opening toward the
fluid medium. For example, a radiation surface of the trans-
ducer core, i.e., a surface via which acoustic signals are trans-
mitted from the transducer core to the fluid medium or which
may absorb acoustic signals therefrom, may have which faces
this opening and/or is situated within this opening.

To shield the housing interior of the ultrasonic transducer
against undesirable influences of the fluid medium, for
example temperature and/or pressure influences and/or media
influences, the at least one housing opening may be at least
partially sealed by at least one sealing film which is connected
to the transducer core. The opening is preferably completely
sealed by the at least one sealing film. The sealing film may be
connected to the transducer core, for example, in such a way
that a radiation surface of the transducer core rests on this
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sealing film over a wide area. For example, the radiation
surface may be designed to be flat and be in contact with the
sealing film, for example connected thereto, in particular by
an integral joint, for example an adhesive bond. The sealing
film may furthermore also be connected to an edge of the
housing which surrounds the housing opening, for example it
may be also connected thereto in a form-locked manner, in
particular glued thereto. A sealing film is understood to be, in
principle, any film which is at least partially impermeable to
the fluid medium. A film is generally understood to be a
flexible or deformable element whose lateral extensions sub-
stantially exceed its thickness, for example by a factor of at
least 10, preferably by a factor of at least 100 or even by a
factor of 1,000. For example, a film of this type may have a
diaphragm-like design. Accordingly, the sealing film may be
designed, for example, as described in German Patent Appli-
cation No. DE 102008 055 116.3. Other embodiments of the
sealing film and possible materials are explained in greater
detail below. The sealing film may include, in particular, a
plastic material. In particular, one or more of the following
materials may be used: polyetheretherketone (PEEK),
polyphenylene sulfide (PPS), polyimide (in particular Kap-
ton®), a liquid crystal polymer (LCP), fluorocarbons such as
Teflon or polytetrafluoroethylene (PTFE) or for example,
perfluoroethylene propylene copolymer (FEP), polyethyl-
enenaphthalate (PEN). However, other materials may also be
used, for example high temperature-resistant thermoplastic
plastic materials. In principle, however, other materials may
also be used for the sealing film as alternatives or in addition,
for example metallic materials, in particular metal films. The
sealing film may furthermore also include an adhesive layer.
Inparticular, the sealing film may have a thickness of no more
than 50 um, preferably no more than 25 um.

As described above, a problem arises when using films for
sealing purposes, in that thermal and mechanical loads may
result in an expansion load which may stress the film itself or
its fixing, for example its adhesion to the transducer core
and/or the housing. To solve this problem, it is proposed that
the sealing film have at least one expansion deformation, the
expansion deformation being configured to permit a relative
movement between the transducer core and the housing. In
principle, the expansion deformation thus has an effect which
is similar to that of a bellows, or it may even be at least
partially designed as a bellows of this type. For example, the
expansion deformation may have a deformation which
includes a bending of the sealing film, for example a bending
from an otherwise largely flat design of the sealing film. An
expansion deformation may be understood to be, in principle,
any deformation of the sealing film which is capable of per-
mitting a relative movement between the transducer core and
the housing, in particular also in a lateral direction, i.e., par-
allel to the surface of the sealing film. In particular, the expan-
sion deformation may be designed to absorb a pressure load
as well as a tensile load as well as a shearing load parallel to
the sealing film and to compensate these loads within certain
limits due to its deformation from the general extension plane
of the sealing film. For example, the expansion deformation
may include an expansion fold and/or a crimp fold, i.e., any
fold and/or warping which is able to absorb a pressure load as
well as atensile load as well as a shearing load. The expansion
deformation may have, in particular, at least one of the fol-
lowing deformations: an expansion fold extending into the
fluid medium; an expansion fold extending into a housing
interior of the housing; a bellows; a step-like deformation, a
first plane of the sealing film being transferred to a second
plane of the sealing film in the step-like deformation. Differ-
ent embodiments are described below by way of example.
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The at least one expansion deformation may preferably be
designed in such a way that it is situated outside the trans-
ducer core and outside the housing. At least one gap, for
example an annular gap, may be provided between the hous-
ing and the transducer core, for example. The expansion
deformation may be provided at least partially, preferably
completely, in the area of this gap. For example, the housing
may have an edge which surrounds the housing opening, a
radiation surface, for example a flat radiation surface, being
situated within this edge and preferably completely sur-
rounded by this edge. The gap may then be provided between
the edge and the radiation surface. In this case, the sealing
film may, for example, completely cover the housing opening,
i.e., at least partially the edge, the gap and the radiation
surface. The expansion deformation may then be provided in
the area of the gap, for example in the form of an expansion
fold or a bellows.

The sealing film may be integrally connected, in particular
to the housing, for example to an edge of the housing in the
area of the housing opening, and to the transducer core, in
particular to a radiation surface of the transducer core. In
particular, the sealing film may be glued to these elements. In
principle, however, another connection to the elements is also
possible, for example alternatively or additionally by a form-
locked and/or force-fit connection. In particular at least one
gap, in particular an annular gap, may be provided between
the housing and the transducer core, as described above. This
gap may preferably be at least partially filled with at least one
decoupling element, the decoupling element being config-
ured to dampen a transmission of structure-borne noise
between the housing and the transducer core. For this pur-
pose, the decoupling element may have, for example, a mate-
rial, in particular a deformable material, and/or a material
having a suitable filling, for example a filling of cavities
and/or gas bubbles and/or deformable inclusions. For
example, materials of a filling made of cavities and/or gas
bubbles may optionally be used together with an additional
filling made of other fillers. For example, an elastomer mate-
rial or a soft thermoplastic material may be selected for the
decoupling element. Different embodiments and examples of
the decoupling element are explained below. The decoupling
element may also be connected to the sealing film, in particu-
lar in the area of the expansion deformation. As illustrated
below, the expansion deformation may be provided, in par-
ticular when the decoupling element is introduced into the
gap, for example with the aid of an overpressure and/or an
underpressure and/or an increased temperature of the decou-
pling element, at least during the introduction.

Inaddition to the ultrasonic transducer in one or multiple of
the specific embodiments shown above, a method for manu-
facturing an ultrasonic transducer for use in a fluid medium is
furthermore proposed, in particular an ultrasonic transducer
according to one or multiple of the specific embodiments
described above. In the example method according to the
present invention, at least one transducer core having at least
one acoustic/electric transducer element is introduced into at
least one housing. At least one housing opening is at least
partially sealed against the fluid medium using a sealing film
which is connected to the transducer core. The sealing film is
designed in such a way that it has at least one expansion
deformation, the expansion deformation being configured to
permit a relative movement between the transducer core and
the housing.

At least one gap may be provided between the transducer
core and the housing. This gap may be at least partially filled
with at least one decoupling element. The decoupling element
is configured to dampen a transmission of structure-borne
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noise between the housing and the transducer core. The
expansion deformation may be at least partially provided
when the decoupling element is introduced into the gap. This
may be done, for example, with the aid of a high injection
pressure, which is used in many cases, for example, for liquid
silicone rubbers. Alternatively or additionally, the expansion
deformation may also be entirely or partially generated at a
different point in time. For example, the expansion deforma-
tion may also be created by shrinking the introduced decou-
pling element after introduction, for example after casting
and/or injection. In particular, a shrinkage may occur during
a curing and/or cross-linking and/or a cooling of the decou-
pling elements and/or a source compound of the decoupling
element. For example, this may be done if silicone is used as
the decoupling element. Alternatively or additionally, the
expansion deformation may, in turn, be achieved, facilitated
or at least supported either entirely or partially by a tool which
is used for introducing the decoupling element, for example
an injection molding tool or another type of mold. This may
also be combined with the above-described options for gen-
erating the expansion deformation with the aid of an over-
pressure and/or a shrinkage of the decoupling element. For
example, a generation of the expansion deformation with the
aid of shrinkage may be supported by a tool bottom in which
no indentation but rather an annular elevation is provided,
which is pressed into the gap between the matching body and
the transducer housing before and/or during and/or after cast-
ing, curing or cooling. A variety of other embodiments is also
possible and achievable for those skilled in the art on the basis
of this description.

For example, to introduce the decoupling element, a
deformable compound, for example a source material for
forming the decoupling element (for example, a precursor of
the decoupling element), in particular at least one flowable
compound, may be cast and/or pressed and/or injected into
the gap. For example, a conventional injection molding pro-
cess and/or an injection pressing process and/or a conven-
tional casting process may be used for this purpose. This
process may also be carried out under the application of an
increased pressure and/or an increased temperature.

It is particularly preferable if the decoupling element
includes a silicone, in particular a liquid silicone rubber.
Liquid silicone rubbers (LSR) of this type are low viscosity
and heat-vulcanized silicones having at least two components
which are additively cross-linked. They may be introduced
into the gap, for example in a shaping process which is also
referred to below as the LSR process or LSR method. The
components may be supplied to a mixing unit, for example in
a multi-component mixing and dosing system, in particular
under increased pressure. For example, a mixing in a ratio of
1:1 may take place. Other additives may also be mixed in. The
mixed materials may then be injected into a heated die, for
example with the aid of an LSR worm gear unit. The infeed
unit, for example the LSR worm gear unit, may be heated to
a low temperature of, for example, 20° C. to 25° C. In the
proposed method, the gap between the housing and the trans-
ducer element is also used instead of a die, it being possible to
also heat this gap or its walls. The gap may also be evacuated
before the reactive material mixture is injected. The LSR
process is, in principle, conventional and may be advanta-
geously used within the scope of the present invention to
manufacture the decoupling element and, at the same time, to
preferably immediately provide the expansion deformation
during this manufacturing process.

The example ultrasonic transducer and the example
method have numerous advantages over conventional ultra-
sonic transducers and methods. In particular, the stresses in
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the sealing film illustrated above may be effectively avoided.
Deformed films or diaphragms in the area of sonic transduc-
ers are conventional, in principle from the area of loudspeaker
technology. In this case, however, the diaphragm is usually
formed around an active radiation surface in the form of a
bead. This area is then itself used as a decoupling suspension.
Due to the present invention, on the other hand, both the
functions of the suspension of the transducer core and its
ultrasonic decoupling are handled by the filled-in decoupling
element, while the film is used only for protection against
media and is not placed under load due to the deformation
during the application of pressure and pressure deformation.
The present invention therefore permits a media-resistant
ultrasonic transducer to be implemented, which simulta-
neously includes decoupling of structure-borne noise and is
sufficiently stable under pressure and heat for use under harsh
conditions, for example in the intake system of a motor
vehicle. Both the low pressure side and the supercharged side
downstream from a turbocharger or a charge air cooler may be
considered as the installation position. As part of an engine
controller, the example ultrasonic transducer is suitable for
detecting the air mass in gasoline and diesel engines in both
passenger cars and commercial vehicles. In commercial
vehicles, in particular, the installation position downstream
from a charge air cooler is advantageous, this position, how-
ever, involving higher pressure and/or media requirements,
for example pressure requirements up to 6 bar, a tightness
against oil and exhaust gas components and the like. How-
ever, these requirements may be effectively met by the
example ultrasonic transducer according to the present inven-
tion.

As illustrated above, the expansion deformation may be
designed in different ways without impairing the tightness of
the sealing film against pressure and/or media. This sealing
film may thus have a reshaped design, that is, a non-flat
design, for example according to one or more of the shapes
illustrated above. Reshaping the sealing film may thus result,
for example, in a type of simplified “bellows,” which permits
a relative movement of the transducer core to the housing
without placing a load on the sealing film and/or its adhesion.
The ultrasonic transducer may thus be subjected to high
media, temperature and/or pressure loads, despite the soft,
i.e., movable, decoupling. A target conflict between this load-
ability and an optimum coupling may also be resolved in this
way.

In particular with the aid of the LSR process described
above, but also with the aid of other manufacturing methods,
in particular, for manufacturing a decoupling element, a
decoupling element which may rest tightly against the
deformed sealing film is made possible. In using a decoupling
molded part which is introduced in its entirety into the gap, as
is conventional, an air-filled transition between the decou-
pling material and the sealing film could conversely form
which is compressible and thus stresses the film under the
application of pressure. In this case, the pressure require-
ments described above, for example, would be difficult to
meet. According to the present invention, this disadvantage is
avoided, however, in particular by the fact that the decoupling
element lies tightly against the sealing film or is even con-
nected thereto, for example in a form-locked manner. In this
way it is also possible to avoid the fact that air-filled cavities
or areas without adhesion between the sealing film and the
decoupling are filled with media or have such media applied
to them, under alternating loads, for example by being
pumped full. Due to the shaping process of the decoupling
element, for example by the LSR process, the deformation
itself may already be generated, since this process involves
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high temperatures and pressures. This would not be easily
possible, for example, in conventional casting processes.
Moreover, a casting process would result in substantially
longer curing times, which are uneconomical in a large-scale
production. Alternatively or additionally, however, the defor-
mation may also be generated entirely or partially at another
point in time, as already explained above, for example during
a cooling and/or solidification and/or a cross-linking of the
decoupling element.

The ultrasonic transducer may be configured in different
ways. It may be advantageously designed for a frequency
range from 100 kHz to 600 kHz and in particular from 200
kHz to 400 kHz, the latter, in particular, for a flow measure-
ment in a motor vehicle. The ultrasonic transducer may be
configured for air or gases as ambient media and/or for other
types of fluid media. As illustrated above, the decoupling
material may lie tightly against the back of the sealing film
and/or even adhere thereto, for example with the aid of a
form-locked connection. This form-locked connection may
already be generated, for example, during the introduction of
the decoupling element, for example the source compound
for the LSR process, without a separate method step being
required therefor. The decoupling element may be used as
part of the fastening of the transducer core, for example a
piezoelectric transducer and at least one impedance matching
layer, and it may be designed for the purpose of absorbing and
transferring compression forces acting upon the film. Accord-
ingly, the sealing film is preferably not itself the diaphragm
suspension, as in a loudspeaker, but instead is used only for
sealing the housing interior. The relative movements to be
compensated are not the acoustic oscillations which the ultra-
sonic transducer or the transducer core itself radiates or
receives, since these oscillatory motions have amplitudes
only in the magnitude of approximately 1 um, but instead the
relative movements are movements induced by pressure fluc-
tuations or thermal expansion of the damping and decoupling
materials used, which have much higher amplitudes, for
example in a magnitude of 100 pm.

The example ultrasonic transducer may be comparatively
easily implemented from a technological standpoint, for
example using the method according to the present invention.
The expansion deformation may be provided in the sealing
film in advance, or it may be provided only during the manu-
facturing process. The reshaping of the film may take place,
for example, prior to the introduction of the decoupling ele-
ment, for example a decoupling material of the decoupling
element, and/or by the introduction of the decoupling element
or its material. The latter may be carried out, for example, by
the LSR process, as illustrated above, which could be simul-
taneously used to press and thus deform the sealing film
directly onto a die contour. An inverse process is also pos-
sible, in which the die contour supports a shrinkage, as
described above.

The introduction of the decoupling element, for example a
material of the decoupling element, may thus generally be
combined with a shaping of the sealing film, for example with
the aid of an external die into which the housing, the trans-
ducer core and the sealing film are placed and which has a
corresponding contour for forming the expansion deforma-
tion. Different embodiments are possible.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention are illus-
trated in the figures and explained in greater detail below.
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FIG. 1 shows a sectional representation of an exemplary
embodiment of an ultrasonic transducer according to the
present invention.

FIGS. 2 and 3 show different deformation states of an
expansion deformation of the exemplary embodiment
according to FIG. 1.

FIGS. 4 through 12 show method steps of a manufacturing
method according to the present invention.

FIGS. 13 through 18 show different exemplary embodi-
ments of geometric designs of expansion deformations
according to the present invention.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

FIG. 1 shows a sectional representation of an exemplary
embodiment of an ultrasonic transducer 110 according to the
present invention, viewed from the side. In this exemplary
embodiment, the ultrasonic transducer includes an acoustic/
electric transducer element 112, for example in the form of a
piezoceramic, as well as a matching body 114 situated on the
radiation side of acoustic/electric transducer element 112.
Matching body 114 is used to improve the acoustic coupling
between acoustic/electric transducer element 112 and a fluid
medium, which is identified symbolically in FIG. 1 by refer-
ence numeral 116. Accordingly, matching body 114 may, for
example, at least partially carry out an impedance matching.
Reference may be made to German Patent Application Nos.
DE 102007 010 500 A1 as well as DE 10 2008 055 116.3 and
DE 10 2008 055 126.0, which are mentioned above, for
embodiments of matching body 114, which may be designed,
for example, as a matching layer and which acts as a coupling
element and which may also have a multilayer design. Match-
ing body 114 and acoustic/electric transducer element 112
together form a transducer core 118.

In the illustrated exemplary embodiment, ultrasonic trans-
ducer 110 furthermore includes a housing 120, for example in
the form of a sleeve. Housing 120 may be made, for example,
entirely or partially of a metallic material or a plastic material.
Housing 120 has a housing opening 122 on its side facing
fluid medium 116, an edge 124 of housing 120 surrounding
housing opening 122 in an annular manner, for example in the
form of a circular ring and/or a polygonal ring. A gap 126 is
provided between housing 120 and transducer core 118. In
the illustrated exemplary embodiment, this gap 126 is par-
tially filled with a decoupling element 128. This decoupling
element 128 is used to at least dampen a transmission of
structure-borne noise between housing 120 and transducer
core 118 or vice versa.

Housing opening 122 is sealed against fluid medium 116
by a sealing film 130. In the illustrated exemplary embodi-
ment, this sealing film 130 lies over the entire surface on what
in the present case is a flat radiation surface 132 of transducer
core 118 and is connected thereto, for example, detachably or
via an integral joint, for example an adhesive bond. Sealing
film 130 is furthermore connected to edge 124 and is also, for
example, glued thereto. A coupling is established between
transducer core 118 and fluid medium 116 via radiation sur-
face 132, for example for radiating noise and/or for absorbing
noise.

Sealing film 130 has an expansion deformation 134 in the
area of gap 126. This expansion deformation 134, whose
possible embodiments are explained in greater detail below,
may surround transducer core 118 in an annular manner and
thus form a deformation area. Expansion deformation 134
may permit a relative movement between the transducer core
and the housing. In the illustrated exemplary embodiment, as
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explained in greater detail below, decoupling element 128 is
designed in such a way that it rests directly upon radiation
surface 132 in the area of expansion deformation 134 and is
preferably connected thereto, for example with the aid of an
integral joint, for example an adhesion. However, a connec-
tion of this type may also be created immediately when
decoupling element 128 is introduced, for example according
to the LSR method described below. In the exemplary
embodiment illustrated in FIG. 1, decoupling element 128 is
designed only in an annular manner so that a clearance
remains above transducer core 118. In the illustrated exem-
plary embodiment, this clearance is filled with an additional
damping material 136, for example a damping casting.
Depending on the material composition and detailed configu-
ration, damping material 136 may also be identical to decou-
pling element 128 and be mounted in the same process step
either with a time offset or even simultaneously with decou-
pling element 128.

In the illustrated example, ultrasonic transducer 110 fur-
thermore has contact pins 138 which are held in place by a
cover 140 and which may be connected to acoustic/electric
transducer element 112 via electrical supply lines 142. Alter-
natively or additionally, however, another type of electrical
contacting of acoustic/electric transducer 112 is also possible
in this and in other exemplary embodiments, for example a
contacting via terminals, contact clips, soldered-on or
welded-on wires or similar contacting elements. Cover 140
rests, for example, on a step 144 in housing 120. Cover 140
may be fixed, for example, by a flange 146 ofhousing 120, as
explained in greater detail below.

Acoustic/electric transducer element 112 converts electri-
cal signals into acoustic oscillations (transmit mode) or vice
versa (receive mode). Acoustic/electric transducer element
112 is connected to matching body 114, which acts as a
decoupling element which may largely include at least one
material for acoustic impedance matching between fluid
medium 116, for example air, and acoustic/electric transducer
element 112. Matching body 114, which acts as a decoupling
element, or partial sections of this element, may be simulta-
neously used, with the aid of special material properties, to
reduce thermally induced twistings between matching body
114 and acoustic/electric transducer element 112, for
example a piezoceramic. Transducer core 118 formed in this
manner is fastened via decoupling element 128 in housing
120, which may be designed, for example, as a sleeve and
which may have, for example, deep-drawn steel as the mate-
rial. Alternatively, other metals or even plastics may also be
used. Transducer core 118 is damped on the back by damping
material 136, which may be entirely or partially identical to
decoupling element 128, as described above.

Ultrasonic transducer 110 is closed on the back by cover
140, which may be designed, for example, as a cover ring.
Cover 140 may also simultaneously fix contact pins 138, for
example two contact pins, for example by clamping or injec-
tion. Cover 140 may be connected to housing 120, for
example with the aid of a clamp connection, a screw connec-
tion, a bayonet connection, an adhesive joint or, as illustrated
in FIG. 1, flange 146. Any force-fit, formed-locked and/or
integral connecting method is generally possible. Electrical
supply lines 142 establish the contact with acoustic/electric
transducer 112 within housing 120, i.e., in a housing interior
148.

A front area of ultrasonic transducer 110 is covered by
sealing film 130, which is preferably glued to matching body
114 and housing 120. For example, polyamide, in particular
Kapton, PEEK, Teflon or another of the aforementioned poly-
mer materials or another polymer material or combinations of

25

30

40

45

50

55

10

the aforementioned and/or other polymer materials may be
used as the film material for sealing film 130. Alternative or
additionally, thin metal films would also be theoretically con-
ceivable. The film thickness should preferably be approxi-
mately 50 pm, in particular in the magnitude of or even
substantially less than 25 pum. A compromise must be reached
between the best possible acoustic radiation in the normal
direction toward radiation surface 132, the least possible
propagation of structure-borne noise along sealing film 130
and the least possible media permeation.

In the exemplary embodiment illustrated in FIG. 1, sealing
film 130 may have, for example, a largely flat main area 150,
in particular in the area of radiation surface 132. Ultrasound is
radiated or received via this main area 150. This main area
150 may be continued to the outside in the form of a math-
ematical plane. An area in which sealing film 130 is deformed
in such a way that portions of sealing film 130 are located at
a substantial distance from this mathematical plane lies out-
side flat main area 150. This is an exemplary embodiment of
expansion deformation 134. For example, a distance from the
plane of main area 150 in the magnitude of 100 um or more
may be viewed as a measure of a substantial deformation of
this type. In general, expansion deformation 134 thus prefer-
ably has a magnitude of at least 100 um in this or in other
exemplary embodiments.

FIG. 18 shows a schematic representation of different
curves of the area of expansion deformation 134 of sealing
film 130. These curves again clarify what a substantial
reshaping is understood to be and how it may be designed. For
example, expansion deformation 134 may be designed in
such a way that, in terms of dimensions, it includes at least
one reshaping in the magnitude of the movement to be
expected on the basis of temperature and/or pressure changes.
In FIG. 18, the surface identified by A is enlarged compared
to a flat film in an area of the film with the aid of the defor-
mation process in such a way that this surface may remain
largely the same, i.e., ithas no or only a small expansion when
transducer core 118 (not illustrated in FIG. 18) executes a
corresponding axial movement, for example due to thermal
expansion of materials within transducer core 118 and/or a
pressure load. The axial movement is identified by B in FIG.
18.

In the exemplary embodiment in FIG. 1, radiation surface
132 oftransducer core 118 is illustrated in a flat design by way
of example. Other embodiments are also possible, in prin-
ciple. For example, it is possible for the surface of matching
body 114, for example of the impedance matching layer, or of
the coupling element, to have a non-flat design itself. For
example, it may be provided with one or multiple phases or be
designed in the shape of a truncated cone. This makes it
possible to positively influence the coupling behavior in the
air chamber, for example with regard to the bandwidth, the
radiation characteristic or other criteria. In this case, sealing
film 130 does not have a flat main area. Nevertheless, an
addition reshaping area may be provided in the region of the
decoupling as expansion deformation 134 to relieve the load
on sealing film 130 during movements of transducer core 118
in relation to housing 120.

FIGS. 2 and 3 show a sectional representation of expansion
deformation 134 of the exemplary embodiment according to
FIG. 1 in different load states. If the deformation of sealing
film 130 is pronounced at a certain temperature, for example
as illustrated in FIG. 2, a geometry similar to the representa-
tion shown in FIG. 3 will set in at a certain higher counter-
pressure or a certain lower temperature. However, the situa-
tion according to FIG. 2 may also occur while housing 120 is
being filled with a damping or decoupling material (as
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explained in greater detail below) or while these materials are
being cured under the application of heat.

FIGS. 4 through 12 show method steps of an exemplary
embodiment of a manufacturing method for manufacturing
an ultrasonic transducer 110. An ultrasonic transducer 110
according to the exemplary embodiment illustrated in FIG. 1
is manufactured by way of example. Accordingly, reference
may be made to the above description of FIG. 1 with regard to
the individual elements. It is also possible, in principle, to
manufacture a different ultrasonic transducer 110 with the aid
of the proposed method.

As a possible starting point within a process sequence,
FIG. 4 shows an assembly which includes housing 120, seal-
ing film 130 and matching body 114, which acts as the cou-
pling element. As shown in FIG. 2, this assembly is inserted
into a die 152. By way of example, it is assumed below that
this die 152 is a die for an LSR process. In principle, however,
other types of shaping processes may also be used, for
example casting processes and/or injection processes and/or
pressing processes in which at least one source material is
shaped to manufacture a decoupling element 128. This die
152 is indicated only symbolically in FIG. 4. In addition, this
die 152 may include other elements. In the illustrated exem-
plary embodiment, die 152 includes a first molded part 154, in
which a negative profile 156 is provided in the area of expan-
sion deformation 134 to be created, this negative profile being
able to define the shape of later expansion deformation 134.
For example, this negative profile 156 may have an indenta-
tion in the specified area, for example in the form of a groove,
for example a groove having a rounded cross section, for
example a parabolic or round cross section. Other shapes are
also possible. In addition, die 152 may also include other
molded parts which are not illustrated in the figures.

In the method step illustrated in FIG. 5, a stamp 158 is
furthermore inserted into housing interior 148 of housing
120, it being optionally possible to simultaneously press
housing 120 against first molded part 154. For example,
stamp 158 may be lowered in such a way that it is sealed by the
application of pressure against matching body 114, as illus-
trated in FIG. 6, and, on the circumference, against step 144 of
housing 120 and/or a different type of bulge of housing 120,
while housing 120 is pressed onto first molded part 154
together with sealing film 130. Stamp 158 may thus be part of
die 152 and act as another molded part of this die 152. How-
ever, another embodiment is also possible, in principle. A
deformable compound 162 is then injected through channels
160 into gap 126 between matching body 114 or stamp 158
and housing 120. This compound may be, for example, a
precursor material from which decoupling element 128 is
formed, for example with the aid of a chemical reaction
and/or a physical phase transition. For example, this deform-
able compound may be liquid silicone rubber (LSR). The
deformable compound is heated in die 152, thereby creating
a high pressure. For example, a pressure from 100 bar to 200
bar may be created at a temperature of 200° C. This pressure
simultaneously presses sealing film 130 into the contour of
first molded part 154 in the area of negative profile 156.
Sealing film 130 is reshaped and expansion deformation 134
is created.

The deformable compound may also be provided with
additives, for example fillers or cavities. For example, an
optimum decoupling of structure-borne noise and/or an opti-
mum damping of structure-borne noise may be carried out in
this manner. The properties of decoupling element 128 may
be set in this manner. Silicone foams or admixtures of glass
and/or plastic spheres and/or hollow spheres are particularly
suitable. In particular, the latter, i.e., plastic spheres or hollow
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plastic spheres, are easy to thermally deform and result in
particularly advantageous decoupling properties. A particu-
larly easy method for admixing these spheres is to mix them
into the resin component of the silicone before mixing with
the curing component. Other possible ways to foam silicone,
which are, however, usually more difficult to control, are
physical or chemical methods. In the latter case, the foaming
may even be carried out at the destination within gap 126.

After the injection operation illustrated in FIG. 7, stamp
158 is removed from housing interior 148 in a method step
illustrated in FIG. 8. Acoustic/electric transducer element 112
is subsequently inserted in a method step illustrated in FIGS.
9 and 10. This may be done, for example, as an assembly, as
illustrated in FIG. 9. In addition to acoustic/electric trans-
ducer element 112, this assembly may include, for example,
contact pins 138 and electrical supply lines 142 as well as
cover 140. Acoustic/electric transducer element 112, for
example the piezoelectric transducer element, may be
inserted, in particular, with the aid of vacuum grippers 164.
Acoustic/electric transducer element 112 may be integrally
connected, for example to matching body 114, for example,
using a gluing method. Another type of assembly is also
possible, in principle, for example a contacting of acoustic/
electric transducer element 112 after the latter has been
inserted into housing interior 148. However, the illustrated
assembly method involving previously contacted acoustic/
electric transducer element 112 is preferred. After acoustic/
electric transducer element 112 has been introduced and
fixed, cover 140 may be fixed, as illustrated in FIG. 11, for
example with the aid of flange 146 described above or another
type of fixing. Remaining housing interior 148 may subse-
quently be filled with damping material 136, as illustrated in
FIG. 12. Finished ultrasonic transducer 110 may then be
removed from first molded part 154 at this or another point in
time.

As shown above, negative profile 156 may define the shape
of'expansion deformation 134, for example with the aid of its
contour. A number of other variants of the reshaping contour
are illustrated in FIGS. 13 through 17 by way of example.
First molded part 154 of die 152 is also shown by way of
example. In these exemplary embodiments, FIG. 13 shows an
example in which expansion deformation 134 has an expan-
sion fold extending into fluid medium 116, similarly or analo-
gously to the exemplary embodiment shown in FIG. 1. FIG.
14, on the other hand, shows an exemplary embodiment in
which an expansion fold extends into gap 126.

While radiation surface 132 in the exemplary embodiments
in FIGS. 13 and 14 is situated on a plane with edge 124 of
housing 120, the exemplary embodiment in FIGS. 15 through
17 show an offset of radiation surface 132 in relation to edge
124. This creates a step-like deformation, sealing film 130
being transferred from the plane of radiation surface 132 to
the plane of edge 124 in the area of this step-like deformation.
In the exemplary embodiment shown in FIG. 15, the plane of
radiation surface 132 is offset from edge 124 into housing
interior 148. In addition, as also shown in FIG. 15, another
expansion fold which, in this case, also extends into housing
interior 148, may be provided in the area of gap 126.

Conversely, FIG. 16 shows an exemplary embodiment in
which the plane of radiation surface 132 is offset from edge
124 in the direction of fluid medium 116. In addition, as also
shown in FIG. 16, another expansion fold which, in this
exemplary embodiment, also extends into fluid medium 116
by way of example, may be provided in the area of gap 126.
Finally, FIG. 17 shows an exemplary embodiment in which
only one offset takes place, for example similarly to FIG. 16,
however, without any further expansion fold being provided
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in addition to this step-like deformation. In this case, the
step-like offset alone forms expansion deformation 134. As
illustrated above, the step-like deformation may include an
offset of the planes in a magnitude of at least 100 um, pref-
erably more. In particular, the contour in the exemplary
embodiment according to FIG. 17 will usually change to such
a great extend during cooling that approximately the same
geometry as in the exemplary embodiment according to FIG.
3 or FIG. 13 occurs at room temperature, this geometry per-
mitting an axial movement of transducer core 118 in both
directions without substantially expanding sealing film 130.

The exemplary embodiments illustrated above, in particu-
lar the exemplary embodiment of the method according to the
present invention in FIGS. 4 through 12, may be modified in
different ways without thereby deviating from the basic idea
of the present invention. For example, the reshaping of seal-
ing film 130 may also take effect at a different point in time or
in a different way, thus creating expansion deformation 134.
For example, a reshaping may take place prior to gluing of
film 130 to housing 120. Furthermore, a vacuum deep-draw-
ing method and/or an autoclaving process may be used, for
example, to create expansion deformation 134. A deep-draw-
ing may also be carried out without a vacuum or air pressure,
for example using a stretching frame and/or a molding tool,
for example in the form of a hot stamping method. Alterna-
tively or additionally, the reshaping may also take place dur-
ing or after gluing. The reshaping may also take place after
gluing, for example with the aid of the LSR process. The
reshaping may also take place before and during the LSR
process or the filling process. In these cases, it may be favor-
able, for example, to prestretch sealing film 130 before insert-
ing it into die 152, it being possible to then carry out the final
shaping, for example, with the aid of a second deformation
during the filling process, for example during the L.SR pro-
cess. Sealing film 130 may also generally be used as a posi-
tioning aid. This may be implemented in a particularly easy
manner, for example, if a pre-assembly having a centered
configuration is used, as shown in FIG. 4, which includes
housing 120, sealing film 130 and matching body 114. This
makes it possible to ensure that at least the components of this
pre-assembly no longer have to be positioned in relation to
each other within what is already a complex filling process,
for example the LSR process.

What is claimed is:
1. An ultrasonic transducer for use in a fluid medium,
comprising:
at least one transducer core which has at least one piezo-
electric transducer element; and
at least one housing, the at least one housing having at least
one housing opening at least partially sealed against the
fluid medium with the aid of a sealing film which is
connected to the at least one transducer core, the sealing
film having at least one expansion deformation, the at
least one expansion deformation being configured to
permit a relative movement between the at least one
transducer core and the at least one housing;
wherein at least one annular gap is provided between the at
least one housing and the at least one transducer core, the
at least one gap being at least partially filled with at least
one decoupling element, the at least one decoupling
element being configured to dampen a transmission of
structure-borne noise between the at least one housing
and the at least one transducer core.
2. The ultrasonic transducer as recited in claim 1, wherein
the at least one expansion deformation has at least one of the
following deformations: an expansion fold extending into the
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fluid medium, an expansion fold extending into a housing
interior of the housing, a bellows, and a step-shaped defor-
mation, a first plane of the sealing film being transferred to a
second plane of the sealing film in the step-like deformation.

3. The ultrasonic transducer as recited in claim 1, wherein
at least one gap is provided between the at least one housing
and the at least one transducer core, the at least one expansion
deformation being provided at least partially in an area of the
gap.

4. The ultrasonic transducer as recited in claim 1, wherein
the sealing film is integrally connected to an edge of the at
least one housing in an area of the at least one housing open-
ing and to a radiation surface of the at least one transducer
core.

5. The ultrasonic transducer as recited in claim 1, wherein
the at least one decoupling element is connected to the sealing
film in an area of the at least one expansion deformation.

6. The ultrasonic transducer as recited in claim 1, wherein
the sealing film includes a plastic material made from at least
one of the following materials: a Kapton, a polyetheretherke-
tone, a Teflon, a perfluoroethylene propylene copolymer, a
polyethylenenaphthalate, a liquid crystal polymer, and a
polyphenylene sulfide.

7. The ultrasonic transducer as recited in claim 1, wherein
the sealing film has a thickness of no more than 50 pm.

8. The ultrasonic transducer as recited in claim 7, wherein
the sealing film has a thickness of no more than 25 pm.

9. A method for manufacturing an ultrasonic transducer for
use in a fluid medium, comprising:

introducing at least one transducer core which has at least

one acoustic/electric transducer element into at least one
housing, at least one housing opening being at least
partially sealed against the fluid medium with the aid of
a sealing film which is connected to the at least one
transducer core, the sealing film having at least one
expansion deformation, the at least one expansion defor-
mation being configured to permit a relative movement
between the at least one transducer core and the at least
one housing;

providing at least one gap between the at least one trans-

ducer core and the at least one housing, the at least one
gap being at least partially filled with at least one decou-
pling element, the at least one decoupling element being
configured to dampen a transmission of structure-borne
noise between the at least one housing and the at least
one transducer core, the at least one expansion deforma-
tion being at least partially provided when the at least
one decoupling element is introduced into the gap.

10. The method as recited in claim 9, at least one of casting,
pressing, and injecting at least one deformable compound
into the at least one gap to introduce the at least one decou-
pling element.

11. The method as recited in claim 9, wherein the at least
one decoupling element is connected to the sealing film in an
area of the at least one expansion deformation.

12. The method as recited in claim 9, wherein the sealing
film includes a plastic material made from at least one of the
following materials: a Kapton, a polyetheretherketone, a
Teflon, a perfluoroethylene propylene copolymer, a polyeth-
ylenenaphthalate, a liquid crystal polymer, and a polyphe-
nylene sulfide.

13. The method as recited in claim 9, wherein the sealing
film has a thickness of no more than 50 um.

14. The method as recited in claim 13, wherein the sealing
film has a thickness of no more than 25 um.
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